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ABSTRACT 

continuum a r e  calculated f o r  the f i v e  J = 1-, .T = 1 par t ic le -hole  s t a t e s  of 

0l6. Single p a r t i c l e  Id w i d t h  contr ibut ions a r e  found t o  be non-negligible 
312 

for the  17.7 and 25.1 NsV leve ls .  The energy s h i f t s  a r e  s i g n i f i c a n t  and may 

be as large as -1.40 MeV. . 
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E f f ec t s  of the Continuum on the 0 J = lo, T = 1 Levels 

W. P. Beres and W. M. MacDonald 

It is  well  known t h a t  the  dipole s t a t e s  (J = los T = 1) of 0 16 are 

adequately described i n  terms of a par t ic le -hole  bas i s  cons is t ing  of 

-1 -1 -1 -1 -1 
’1/2 ‘1/2’ ’1/2 d3/2’ ’3/2 ‘1/2’ ’312 d3/2 and ’312 d5/2* A d i f f i c u l t y  

has always been the handling of the ld3,2 s t a t e  which i s  unbound i n  0 17 

and FL’. 

f o r  a nucleon inc ident  on a mass 15 system i s  wr i t t en  i n  terms of the s t a t e s  of a 

model Hamiltonian H ’I. This cons is t s  of a Woods-Saxon po ten t i a l  with spin-  

o r b i t  coupling and the Coulomb po ten t i a l  of a uniform sphere of  charge. 

Neutrons and protons with the same s e t  of quantum numbers thus have d i f f e r e n t  

r a d i a l l y  dependent wave funct ions.  

I n  the  present ca lcu la t ion  the exact  nuclear reac t ion  amplitude 

0 

The e f f e c t i v e  in t e rac t ion  A T cons is t s  of  two pa r t s ,  

h + & A  
7 = r  

p.h. ‘Id3/2 . ,: 

The l a t t e r  i s  a one-body in t e rac t ion  which e x i s t s  only fo r  the Id 

This s t a t e  i s  t r ea t ed  as an intermediate bound s t a t e  which is  pushed up i n t o  

s t a t e .  3/2’ 

. .  

2) . The former i s  the  e f f e c t i v e  pa r t i c l e -ho le  i n t e r -  
3/2 

Id  
the  continuuii 3y $ 

ac t ion .  Each term of (1) has the form 

where 

dependence near resonances. 

projeFts  i n t o  the  continuum o f  H 
C 0 ’  

thereby removing the sharp energy 

For f i  7 the f i r s t  term of eq.  (2) is the res idua l  p .h. 
(r 

par t i c l e -ho le  i n t e r a c t i o n  and for  T i t  i s  the amount by which the Woods-Saxon 
Id3/2 

w e l l  must be dropped to  bind the s t a t e . .  



I . .  

Matrix elements of eq. (2) may be w r i t t e n  as 
I 
1 

. ! 

C !  

i s  the energy independent e f f e c t i v e  i n t e r a c t i o n  a r i s i n g  from high cor r .  3 

A where 7 

nioinentum coiqonents. The second term i s  the  l e v e l  s h i f t  due t o  v i r t u a l  

t r a n s i t i o n s  from the coinpound nuclear s t a t e  X t o  the continuum and back 

expressed i n  terms of the width function r (Et). 
addi t ion  t o  the damping s h i f t  caused by the imaginary p a r t  of 7. 

P 
Tiis energy s h i f t  i s  i n  

P 
A I n  ref. .  3)  

t h i s  l a t t e r  e f f e c t  i s  found t o  be negl igible .  The width i s  given by 

C 

where x ( + ) ( E ~ )  i s  the continuum s t a t e .  

performed by replacing (7 by a phenomenological s p i n  dependent res idua l  

The par t ic le -hole  diagonal izat ion i s  
Ir 

corr . )p  .h. 

i n t e r a c t i o n  with d e l t a  function r a d i a l  dependence using the Soper mixture. 

I n  the present ca lcu la t ion  the high energy l i m i t  1 i n  the second term of 

eq.  (3) i s  a r b i t r a r i l y  chosen as  65 MeV which corresponds t o  a c h a r a c t e r i s t i c  

p a r t i c l e  separat ion of the order  of .5f.  

with s h o r t  range cor re la t ions  generated by the repuls ive core and a r e  included 

Energies above t h i s  a r e  associated 

in 7 c o x .  

The w e l l  parameters a r e  obtained by f i t t i n g - t h e  017 and F1’ s i n g l e  p a r t i c l e  

l e v e l s  and a r e  indicated i n  Fig.  1. 

f o r  a l l  decay channels a t  the f ive conpound nuclear energies .  

I n  t a b l e  1 are the p a r t i a l  widths eq.  ( 4 )  

Two broad l e v e l s  

are predicted i n . t h e  22 and 25 XeV regions; i n  addi t ion two narrow l e v e l s  a t  
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13.7 and 20.1 MeV and a l e v e l  a t  17.7 MeV a r e  obtained. The I d  s i n g l e  3/2 
- P a r t i c l e  widths of the 17.7 and 25 .1  MeV leve ls  a r e  a s i g n i f i c a n t  p a r t  of 

the t o t a l  widths of  these s t a t e s .  

t ab le  2 .  

The energy s h i f t s  a r e  presented i n  

It i s  seen t h a t  these a re  negative and as large as 1.40 NeV. 

This s i g n i f i c a n t l y  lowers the theore t ica l  energy predict ions.  

1) 

2) 

3) W. M XacDonald, Phys. Rev. 137, B1438 (1965) 

W .  M. MacDonald, Nuclear Physics 56, 636 (1964) 

L. Garside and W .  M. MacDonald, Phys. Rev. 138, B582 (1965) - 
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